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1
Introduction
In this contribution, we raise the issue of confusing multiple PDCCH aggregation levels in PDCCH blind decoding and propose solutions to resolve this confusing issue. 
2
Current specification 
2.1
 Definition of PDCCH Search Space
In [1], Section 9.1.1, a search space 
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 is the number of PDCCHs to monitor in the given search space. The value of 
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is specified by Table 9.1.1-1 in [1], as shown below: 

Table 1: 
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	Search space 
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	Type
	Aggregation level 
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	Size [in CCEs]
	

	UE-specific
	1
	6
	6

	
	2
	12
	6

	
	4
	8
	2

	
	8
	16
	2

	Common
	4
	16
	4

	
	8
	16
	2


With this definition, search space for different aggregation levels may overlap with each other regardless of system bandwidth. See one example shown below:
Example 1:  
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= {1, 6, 4, 0} for L = {1, 2, 4, 8}, respectively.
	Search space 
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	PDCCH candidates

	Type
	Aggregation Level 
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	UE-Specific
	1
	{1}, {2}, {3}, {4}, {5}, {6}

	
	2
	{6, 7}, {8, 0}, {1, 2}, {3, 4}, {5,6}, {7,8}

	
	4
	{4, 5, 6, 7}, {8, 0, 1, 2}

	
	8
	{0, 1, 2, 3, 4, 5, 6, 7}, {8, 0, 1, 2, 3, 4, 5, 6}

	Common
	4
	{0, 1, 2, 3}, {4, 5, 6, 7}, {8, 0, 1, 2}, {3, 4, 5, 6}

	
	8
	{0, 1, 2, 3, 4, 5, 6, 7}, {8, 0, 1, 2, 3, 4, 5, 6}


2.2
 Definition of PDCCH encoding, rate matching and CCE size

· Rate 1/3 Tail-biting Convolutional code 

· Circular buffer based rate matching

· PDCCH CCE  size is 9 REGs 
2.3
Linkage between PDCCH CCE and uplink ACK/NACK resource
For dynamic scheduling, the 1st
 CCE of PDCCH assignment is used to determine uplink ACK/NACK resource and  eNodeB uses this information to determine where to decode corresponding ACK/NACK for downlink assignment. 
2.4
PDCCH formats for downlink assignment 
Four different formats have been defined for downlink assignment:
· 1, 1A, 1B and 2
The payload size is a function of 
· Number of RBs used in the system (6-110 RBs)

· TDD or FDD systems

· Number of Tx antennas (pre-coding matrix size)

· Transmission mode (closed loop or open loop)
3
Issues

3.1
Coded bits repetition and issues
Due to circular-buffer based rate matching, for a given aggregation size (2, 4 or 8), Coded bits start to repeat themselves after 1st CCE.  In Figure 1, we give one example for a particular payload size (48 bits). We can see that with aggregation size 8, we have 4 repetitions and each repetition starts with the same location in the circular buffer.
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Figure 1: CCE repetition example

Due to coded bits repetition and search space overlapping between different aggregation sizes, multiple aggregation sizes may pass the CRC checking.  Since 1st CCE of PDCCH is linked to the uplink ACK/NACK resource for dynamic scheduling, UE may send its ACK/NACK in a different resource which is unknown by the NodeB(multiple ACK/NACK resources are possible).  
3.1
Payload sizes having coded bits repetition  

We can generate the repetition issue with the following formula:

· n*3/2*k = m*36, or, n = m/k*24, where k,m are integers, and m<8

· n represents the payload size

· m represents the number of CCEs occupied

· k represents the starting point of  repetitions of the coded block

· n should be less than (8-m)*36*2*3/4 = 54 * (8-m)

· Coding rate has to be less than ¾ - otherwise, UE is not required to decode

· If m=7, n<54

· If m=6, n<108, etc.

· For instance

· n=48 (m=2, k=1)

· n=36 (m=1, k=1)

· n=32 (m=4, k=3)

· etc.

· Exhaustive list (between 26 and 72) – total 9 problematic payload sizes

· {28, 30, 32, 36, 40, 42, 48, 60, 72}
3.2
PDCCH formats having problematic payload sizes  

We give some examples here for the following number of RBs: {6, 25, 50, 100}.
Format 1A:
	 
	6
	25
	50

	Field
	Bit-width
	Bit-width
	Bit-width

	Flag format0/format1A differentiation
	1
	1
	1

	Distributed transmission flag
	1
	1
	1

	Resource allocation  
	5
	9
	11

	MCS
	5
	5
	5

	HARQ process id
	3
	3
	3

	New data indicator
	1
	1
	1

	Redundancy version
	2
	2
	2

	TPC 
	2
	2
	2

	Downlink Assignment Index
	0
	0
	0

	CRC
	16
	16
	16

	 
	 
	 
	 

	Total:
	36
	40
	42


 
Format 1B:
	 
	25 (2 Tx Ants)
	100 (4 Tx Ants)

	Field
	Bit-width
	Bit-width

	Flag format0/format1A differentiation
	1
	1

	Distributed transmission flag
	1
	1

	Resource allocation  
	9
	13

	MCS
	5
	5

	HARQ process id
	3
	3

	New data indicator
	1
	1

	Redundancy version
	2
	2

	TPC 
	2
	2

	Precoding matrix
	2
	4

	Downlink Assignment Index
	0
	0

	CRC
	16
	16

	 
	 
	 

	Total:
	42
	48


Format 2:
	 
	6

	Field
	Bit-width

	Resource allocation header
	1

	Resource allocation  
	6

	TPC 
	2

	HARQ process id
	3

	HARQ swap flag
	1

	Downlink Assignment Index
	0

	MCS - 1st codeword
	5

	New data indicator - 1st codeword
	1

	Redundancy version - 1st codeword
	2

	MCS - 2nd codeword
	5

	New data indicator - 2nd codeword
	1

	Redundancy version - 2nd codeword
	2

	Precoding information
	3

	CRC
	16

	 
	 

	Total:
	48


 
4
Possible solutions

4.1
Solution 1 

UE tries to use other metrics to determine the true aggregation size. This increase UE receiver complexity significantly and such metric may not be reliable. 
4.2
Solution 2 

eNodeB tries to decode one UE’s ACK/NACK at all possible locations. This will significantly increase eNodeB complexity.

4.3
Solution 3 

For different aggregation sizes, apply a different CRC mask or scrambling code. 

4.4 Solution 4

Apply zero padding to those PDCCH with the “troubled” payload sizes. Given that so many troubled payload sizes, this complicates the receiver blind decoding logic.  
4.5 Solution 5

Add two bits in each PDCCH format to indicate the aggregation size.
5
Conclusion 

In this contribution, we raise the issue of confusing multiple PDCCH aggregation levels for many payload sizes. Multiple solutions have been proposed.

Out of the 5 solutions described in the previous section, solution 3 requires the minimum specification changes, i.e., simply defining 4 CRC masks. The three CRC masks used for PBCH can be reused and we simply add one more CRC mask since we have 4 different aggregation sizes.
 Table 2: CRC mask for PDCCH
	Aggregation size
	PDCCH CRC mask
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	1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	2
	<1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1>

	4
	<0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1>

	8
	<1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0>


We recommend adopting this solution to avoid the confusion between multiple PDCCH aggregation levels. 
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5.3.3.2
CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 

The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH payload by
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. A is the PDCCH payload size and L is the number of parity bits.

The parity bits are computed and attached according to subclause 5.1.1 setting L to 16 bits, resulting in the sequence
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In the case where UE transmit antenna selection is not configured or applicable, after attachment, the CRC parity bits are scrambled with the UE identity 
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 and aggregation size mask  
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  in Table  xx to form the sequence of bits
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for k = A, A+1, A+2,..., A+15. 

Table xx: CRC mask for PDCCH

	Aggregation size (agsize)
	PDCCH CRC mask

[image: image29.wmf]>

<

15

,

1

,

0

,

,...,

,

agsize

agsize

agsize

x

x

x



	1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	2
	<1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1>

	4
	<0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1>

	8
	<1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0>


In the case where UE transmit antenna selection is configured and applicable, after attachment, the CRC parity bits are scrambled with the Antenna selection mask 
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 as indicated in Table 5.3.3.2-1,  aggregation size mask  
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for k = A, A+1, A+2,..., A+15. 

Table 5.3.3.2-1: UE transmit antenna selection mask

	UE transmit antenna selection 
	Antenna selection mask
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	UE port 0
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	UE port 1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>
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